The Local Group is a small galaxy cluster with the membership of 47 nearby galaxies including our Milky Way. Through statistical analysis of the Local Group data, we find that the positions of the member galaxies in the center of luminosity frame are preferentially aligned with the line in the direction of the equatorial coordinate, α = 21 h 18 m .56, δ = 59
INTRODUCTION
There are plenty of numerical and observational evidences that the galaxy clusters are not spherical but conspicuously triaxial systems (Schipper & King 1978; Binggelli 1982; West et al. 1989; Jing & Suto 2002; Hopkins, Bahcall, & Bode 2004; Kasun & Evrard 2005) . Reconstructing the intrinsic triaxial shapes of galaxy clusters is a challenging task in modern cosmology. To use galaxy clusters as a cosmological probe, it is important to measure the cluster mass and temperature as well as the distance to clusters as accurately as possible, which are all sensitive to the deviation of the true cluster shapes from the spherical symmetry (Dore et al. 2001; Fox & Pen 2002; Lee & Suto 2004; De Filippis et al. 2005 ).
shapes will also allow us to distinguish between different scenarios for the structure formation (Bardeen et al. 1986; West 1989) . In particular, the intrinsic shape of the Local Group, a small galaxy cluster to which our Milky Way belongs holds a key clue to the dark matter distribution in the vicinity of the Milky Way.
Here, we attempt for the first time to estimate the intrinsic three dimensional shape of the Local Group dark matter halo by employing the reconstruction algorithm recently developed by Lee & Kang (2006, hereafter LK06) . Given the numerical findings that the dark halo substructures are preferentially located near the major principal axes of their hosts (Knebe et al. 2004; Kang et al. 2005; Zentner et al. 2005) , LK06 showed that it is possible in principle to measure the two axial ratios of a triaxial cluster halo by measuring the anisotropic spatial distribution of its member galaxies. Tested against N-body simulations of high-resolution, the algorithm was shown to work quite well.
An advantage of the LK06 algorithm is that it reconstructs directly the intrinsic triaxial shapes of cluster halos without resorting to any additional assumption like the axis-symmetry or the line-of-sight alignment, and etc. However, its obvious limitation lies in the fact that it can be applicable only when the three dimensional positions of the member galaxies are given. In this respect, the Lk06 algorithm may be optimal for the application to the Local Group, as the three dimensional positions of the Local Group member galaxies are available.
The plan of this paper is as follows. In §2, a brief overview of the LK06 algorithm is provided. In §3 the LK06 algorithm is applied to the Local Group data, and the triaxial shape of the Local Group halo is estimated. In §4 the results are summarized and a final conclusion is drawn.
OVERVIEW OF THE ALGORITHM
The reconstruction algorithm suggested by Lee & Kang (2006) is based on the following key assumption. If a cluster has a triaxial shape, then its tidal field defined as the second derivative of the gravitational potential as T = (T ij ) ≡ ∂ i ∂ j ψ induces anisotropy in the spatial distribution of the cluster galaxies. They are preferentially located along the major principal axis of the host cluster. The degree of the anisotropy in the spatial distribution of the cluster galaxies depends on two factors. First, it increases with the strength of the correlation with the tidal field. Second, it increases with the triaxiality of the host cluster.
Under this assumption, Lee & Kang (2006) derived the probability of the cosines of the angles (say, θ) between the galaxy position vectors in the center of mass frame and the major axis of the cluster as p(cos θ) = 1 2π
dφ.
( 1) whereλ 1 ,λ 2 ,λ 3 are the eigenvalues of the rescaled unit tidal tensorŤ defined asŤ ≡ T/|T|. They are related to the three eigenvalues λ 1 , λ 2 , λ 3 (with λ 1 ≥ λ 2 ≥ λ 3 ) of the original tidal tensor T as
where δ c is the linear density threshold for the halo formation, satisfying the constraint
The value of δ c depends very weakly on the background cosmology. For the concordance cosmology, it is approximately given as δ c ≈ 1.67 (Kitayama & Suto 1996) . Equation (3) indicates that among the three eigenvalues, λ 1 , λ 2 , λ 3 , only two are independent. Once the values of λ 1 and λ 2 are determined, then the value of λ 3 is automatically fixed.
In equation (2), the parameter, s, lies in the range of [−1, 1], representing the strength of the correlation between the cluster tidal field and the galaxy position vectors. If s = 0, then it indicates that there is no correlation. If s = −1, then the galaxy positions are maximally aligned with the major principal axis of the host cluster. It corresponds to the case when a cluster is undergoing a gravitational merging along the local filament aligned with the major principal axis (West 1989; Lee & Kang 2006) . If s = 1, then the galaxy positions are maximally anti-aligned with the major principal axis of the host.
Let a, b, c (with a ≤ b ≤ c) represent the three distinct axis-lengths of a triaxial cluster. Lee et al. (2005) suggested the following relation between the three axis-lengths of the host cluster and the three eigenvalues of the tidal tensor in the frame of the Zel'dovich approximation (Zel'dovich 1970)
By equation (4), one can express λ 1 , λ 2 as functions of the axial ratios, a/c, b/c as
-4 -Equations (2), (4) and (5) imply that the probability distribution (eq.
[1]) basically depends on the three parameters: the two axial ratios of the cluster halo, a/c, b/c and the correlation parameter, s. If one can measure the probability distribution, p(cos θ), from observations, by fitting the observational data to the analytic prediction (eq. [1]) with a/c, b/c and s as adjustable parameters, one may estimate the axial ratios of the cluster halo.
APPLICATION TO THE LOCAL GROUP
Since Hubble (1936) first recognized its existence, the Local Group has been widely investigated by various observations (for a review,see Mateo 1998; van den Bergh 2000, and references therein). It is now well known that the Local Group is a small galaxy cluster having approximately 50 member galaxies, one of which is nothing but our Milky way. The luminous part of the Local Group has apparently an irregular shape, and the two nearest clusters to the Local Group are the Virgo and the Coma clusters which are at approximate distances of 20 and 100 Mpc, respectively (Capaccioli et al. 1990 ).
To estimate the intrinsic three dimensional shape of the Local Group by using the LK06 algorithm, it is necessary to know the positions of the Local Group members relative to the center-of-mass as well as the major principal axis of the Local Group dark matter halo. A table of the updated data on the Local Group members is available at the website of "Students for the Exploration and Development of Space" (SEDS, http://www.seds.org/messier/more/local.html). The SEDS data set provides us the equatorial coordinates (right ascension α and declination δ), the distance, and the luminosity of each galaxy. Using this information, we first find the center of the luminosity of the Local Group, and then determine the three dimensional position vectors of the members in the center-of-luminosity frame. Since the mass of each Local Group member (except for massive members like the Milky Way and the M31) is poorly known, we use the center-of-luminosity (CL) instead of the center-of-mass. Now, to determine the major principal axis of the Local Group dark matter halo, by using all member galaxies, we measure cos θ, defined as
where x represents the equatorial position of each Local Group member galaxy, x CL is the CL of the Local Group, and y represents an arbitrary unit position. Then, we determine the distribution, p(cos θ). We expect that if y is in the direction of the major principal axis of the Local Group halo, p(cos θ) will exhibit a signal of the maximum alignment with the positions of the Local Group member galaxies in the CL frame, i.e., a strong tendency of increase of p(cos θ) with cos θ.
Given the fact that the Local Group is in gravitational interaction with the Virgo cluster (Mateo 1998) , as a first testing, we choose the direction from the Local Group CL to the center of the nearest Virgo cluster as y and measure p(cos θ). No consistent alignment signal is detected for this case. We repeat the same thing by replacing the Virgo cluster by the Coma cluster only to find somewhat anti-alignment signal, i.e., a tendency of decrease of p(cos θ) with cos θ.
As another testing, we take the major principal axis of the inertia momentum tensor of the luminous part of the Local Group as y. No significant tendency of increase of p(cos θ) with cos θ is found for this case, either. This result indicates that the major principal axis of the luminous part of the Local Group is not well aligned with that of the Local Group dark matter halo. In other words, the intrinsic shape of the Local Group should not be inferred from its apparent irregular shape.
By varying α and δ of y, we search for the direction with which the position vectors of the member galaxies in the CL frame are maximally aligned. Figure 1 plots the final result in the upper left panel. As one can see clearly, when y is given as α = 21 h 18 m .56, δ = 59
• 7 ′ .15, there is a strong alignment signal. For comparison, Figure 1 also plots the above three testing cases in the other panels. The upper right and the lower left panels are the cases of y in the directions from the Local Group CL to the centers of the Virgo and the Coma clusters, respectively. The lower right one is the case where y is in the direction of the major principal axis of the inertia momentum tensor of the luminous part of the Local Group. The horizontal dotted line in each panel represents the uniform distribution corresponding to the case of no alignment. Now that a simple KS test indicates that the alignment signal is at the 99.7% confidence level, we take this equatorial position α = 21 h 18 m .56, δ = 59
• 7 ′ .15 as the direction parallel to the major principal axis of the Local Group halo.
As a final step, we fit the observational distribution to the analytic expression (eq.[1]) with a/c, b/c and s as adjustable parameters. The best-fit values of a/c, b/c and s are determined through χ 2 -minimization. The best-fit axial ratios are determined to be a/c = b/c ≈ 0.5. That is, the Local Group halo turns out to be quite prolate. And, the best-fit value of s is found to be −0.9 which is very close to the extreme value of −1. The prolate shape and the best-fit value of s ∼ −1 indicates that the Local Group may be currently undergoing a gravitational merging along local filaments (West 1989; Lee & Kang 2006) . Figure 2 plots the best-fit analytic distribution as solid line, and compares it with the observational data (upper left panel in Fig.1 ). As one can see, the analytic distribution with the best-fit values of the parameters agrees with the observational points quite well. Figure  3 illustrates the determined final shape and the direction of the major principal axis of the Local Group halo.
SUMMARY AND CONCLUSION
Under the assumption that the Local Group dark matter halo is well approximated as a triaxial ellipsoid, we have for the first time estimated the two axial ratios of the Local Group dark matter halo by measuring the anisotropic spatial distribution of the member galaxies. The Local Group halo is shown to be prolate with axial ratios of 0.5 with the major principal axis parallel to the direction of the equatorial coordinate, α = 21 h 18 m .56, δ = 59
• 7 ′ .15. Moreover, the correlation between the positions of the Local Group member galaxies and the local tidal field is very strong, implying that the Local Group is likely to be currently in the evolutionary stage of filamentary merging.
As a final conclusion, our result provides a new clue to the distribution of the dark matter in the vicinity of our Milky way. -Probability density distributions of the cosines of the angles between the position vectors of the Local Group member galaxies in the CL frame and four different directions in the equatorial coordinates: the major principal axis of the inertia momentum tensor of the Local Group dark matter halo (Upper left); the direction from the Local Group CL to the center of the Virgo cluster (Upper right); the direction from the Local Group CL to the center of the Coma cluster (Lower left); the major principal axis of the inertia momentum tensor of the luminous part of the Local Group (Lower right). h 18 m .56 and δ = 59
• 7 ′ .15.
